Introduction: Obesity has become an important issue affecting both males and females. Obesity is now regarded as an independent risk factor for atherosclerosis-related diseases. Metabolic syndrome is associated with increased risk for development of cardiovascular disease. Urinary 8-oxo-7,8-dihydro-2′-deoxyguanosine concentration has been used to express oxidation status. Methods: Twenty-seven obese patients with metabolic syndrome, 25 obese patients without metabolic syndrome and 31 healthy subjects were included in our study. They were subjected to full history and clinical examination; fasting blood sugar (FBS), 2 hour post prandial blood sugar (2HPP), lipid profile, urinary 8-oxo-7,8-dihydro-2′-deoxyguanosine and carotid duplex, A/B index and tibial diameters were all assessed. Results: There was a statistically significant difference (p = 0.027) in diameter of the right anterior tibial artery among the studied groups, with decreased diameter of the right anterior tibial artery in obese patients with metabolic syndrome compared to those without metabolic syndrome; the ankle brachial index revealed a lower index in obese patients with metabolic syndrome compared to those without metabolic syndrome. There was a statistically insignificant difference (p = 0.668) in the 8-oxodG in the studied groups. In obese patients with metabolic syndrome there was a positive correlation between 8-oxodG and total cholesterol and LDL. Conclusion: Urinary 8-oxodG is correlated to total cholesterol and LDL in obese patients with metabolic syndrome; signifying its role in the mechanism of dyslipidemia in those patients. Our study highlights the importance of anterior tibial artery diameter measurement and ankle brachial index as an early marker of atherosclerosis, and how it may be an earlier marker than carotid intima-media thickness.
Introduction
Metabolic syndrome is associated with increased cardiovascular morbidity and mortality. The endothelial dysfunction is an early pathogenic event in the metabolic syndrome. Endothelial dysfunction of either the coronary, the peripheral or the cerebral vasculature is a predictor of vascular events and appears to be a marker of uncontrolled atherosclerotic risk that adds to the burden of the genetic predisposition to cardiovascular disease. 1 Diabetes mellitus (DM) has been routinely described as a metabolic disorder characterized by hyperglycemia that develops as a consequence of defects in insulin secretion, insulin action or both. 2 Peripheral artery disease (PAD) is defined as an atherosclerotic occlusive disease of the lower extremities. PAD is associated with increased risk of lower extremity amputation and it is also a marker for atherosclerosis in cardiovascular, cerebrovascular and renovascular beds. Patients with PAD therefore have an increased risk of MI, stroke and death. 3 The alterations in vascular homeostasis due to endothelial and smooth muscle cell dysfunction are the main features of diabetic vasculopathy favoring a pro-inflammatory/thrombotic state that ultimately leads to atherosclerosis. Macroand microvascular diabetic complications are mainly due to prolonged exposure to hyperglycemia clustering with other risk factors such as arterial hypertension and dyslipidemia, as well as genetic susceptibility. 4 There is considerable evidence that hyperglycemia results in the generation of reactive oxygen species (ROS), ultimately leading to increased oxidative stress in a variety of tissues and playing an important role in diabetic complications. 5 Mitochondria and nuclei are two major targets of oxidative stress, and contain a variety of DNA repair enzymes to repair oxidant-induced DNA modifications. 6 Damage most likely occurs when the endogenous antioxidant network and DNA repair systems are overwhelmed. 7 However, it is essential for the cell to repair the DNA damage induced by oxidants.
The ankle brachial index (ABI) serves as a measure of systemic atherosclerosis and thus is associated with both atherosclerotic risk factors and prevalent cardiovascular disease (CVD) in other vascular beds. A low ABI is associated with many cardiovascular risk factors, including traditional ones (hypertension, DM, dyslipidemia, smoking history) and several novel cardiovascular risk factors (e.g. C-reactive protein, interleukin-6, homocysteine and chronic kidney disease). The majority of studies use an ABI of 0.90 as a threshold to define PAD. 8 American Heart Association/American College of Cardiology guidelines designated carotid intimamedia thickness (CIMT) along with coronary artery calcium (CAC) score a class IIa recommendation for cardiovascular risk assessment in asymptomatic adults at intermediate risk of CVD. 9 Several pathophysiological explanations for the metabolic syndrome have been proposed, involving insulin resistance, chronic inflammation and ectopic fat accumulation following adipose tissue saturation. However, current concepts create several paradoxes, including limited cardiovascular risk reduction with intensive glucose control in diabetics, therapies that result in weight gain and presence of some of the metabolic traits among some lipodystrophies. 10 
Patients and methods
This study was conducted on 83 subjects from the outpatient endocrinology clinic. They were classified into three groups (we used NCEP/ATP III criteria in our definition of metabolic syndrome): Group A -27 obese patients with metabolic syndrome; Group B -25 obese patients without metabolic syndrome; Group C -31 healthy subjects serving as controls.
Local ethical committee approval was granted. Verbal consent was given by all our patients after informing them of all the procedures done in this study. Exclusion criteria were: (1) patients with known vascular disease such as vasculitis; (2) patients with renal failure.
Methodology
All patients were subjected to the following workup: (1) full clinical history; (2) thorough clinical examination, with especial emphasis on measurements of BMI and waist circumference; (3) laboratory assessment (fasting and 2 h post prandial blood glucose level), HBA1c, lipid profile (total cholesterol, LDL, HDL cholesterol and triglycerides) after fasting for 12 h, urine analysis, serum creatinine level, urinary albumin/creatinine ratio, serum SGOT, SGPT and alkaline phosphatase, urinary 8-oxodG (OHdG) by enzymatic assay; (4) imaging procedure -all patients were subjected to an imaging procedure in the form of carotid Doppler and ABI assessments.
Measurements of 8-oxodG
Urinary OHdG was measured using an ELISA kit.
Carotid duplex
A carotid duplex scan was done to measure intima-media thickness of the distal common carotid to detect any atherosclerotic plaques if present, the peak systolic velocity, end diastolic velocity and resistive index of the internal carotid artery by carotid ultrasound. B-mode (brightness) grayscale, color and spectral Doppler techniques were used to investigate the carotid arteries according to standardized protocol. The same operator interpreted all studies in a blind fashion and the same ultrasound unit (HD 5000) was used, using a linear probe (7.5 MHz) for scanning all participants.
Ankle brachial index
The ABI was calculated for all patients.
Diameters of tibial arteries (posterior and anterior tibial)
These diameters were measured.
Results

Our patients were classified to:
Group A: 27 obese patients with metabolic syndrome.
Group B:
25 obese patients without metabolic syndrome.
Group C: 31 healthy subjects (control).
We found a very high statistically significant difference (p <0.001) for weight among the studied groups, with increased values in the obese patients with metabolic syndrome compared to the obese patients without metabolic syndrome and the control group.
We found a very high statistically significant difference (p <0.001) in waist circumference among the studied groups, with increased values in the obese patients with metabolic syndrome compared to the obese patients without metabolic syndrome and the control group. We also found a very high statistically significant difference (p < 0.001) in FBS and 2HPP among the studied groups, with increased values in the obese patients with metabolic syndrome group compared to the obese patients without metabolic syndrome and the control groups ( Table 1) .
The study revealed a statistically significant difference (p = 0.027) in diameter of the right anterior tibial artery among the studied groups, with decreased diameter of the right anterior tibial artery in the obese patients with metabolic syndrome compared to the obese patients without metabolic syndrome and the control group. There were no significant differences or abnormalities in diameter of the right posterior tibial artery and both left anterior and posterior tibial arteries between the studied groups (Table 1) . There was a statistically insignificant difference (p = 0.668) in the urinary 8-oxodG in the studied groups ( Table 1) .
The CIMT was highly statistically significantly increased in both obese patients with and without metabolic syndrome more than the control group with p < 0.001 and p = 0.007, respectively. There was no statistically significant difference in CIMT between the obese patients with or without metabolic syndrome (p = 0.064) ( Table 2 ).
The ABI revealed a lower index in the obese patients with metabolic syndrome than in the obese patients without metabolic syndrome, with the difference being highly statistically significant (p = 0.004). However, the ABI revealed a lower index in the control than in the obese patients without metabolic syndrome, again with a statistically significant difference (p = 0.001). All our patients and control group had normal ABIs. There was a statistically insignificant difference (p = 0.639) in ABI between Group A and Group C ( Table 2 ). There was statistically insignificant correlation of 8-oxodG with CIMT, ABI or diameter of other branches of the tibial artery in the studied groups (Table 3) .
We found a statistically significant correlation (p = 0.034) of CIMT with the diameter of the right anterior tibial artery in the obese patients with metabolic syndrome, and there was a statistically insignificant correlation of CIMT with ABI or diameter of left anterior and posterior tibial arteries, and right posterior tibial artery (Table 4) .
We found a very highly statistically significant correlation (p < 0.001) of CIMT with age, SBP, DBP, weight, BMI, waist circumference, FBS, 2HPP and HA1c, total cholesterol, LDL and alkaline phosphatase (Table 5) .
A statistically insignificant correlation of CIMT with height, HDL, triglyceride, urea, creatinine, albumin-creatinine ratio and ALT (p = 0.297) was found (Table 5 ).
There was a highly statistically significant difference (p < 0.001) in BMI among the studied groups, with increased BMI values in the obese patients without metabolic syndrome compared to the obese patients with metabolic syndrome and the healthy group (Figure 1 ).
In the obese patients with metabolic syndrome, there was a positive correlation between 8-oxodG and total cholesterol and LDL (p = 0.04 and p = 0.02, respectively). Also, the CIMT was positively correlated with serum triglyceride (p = 0.02) (Figures 2-4) .
Statistical analysis
Data was entered on the computer using Microsoft's Excel (2010) for Windows, then transferred to the Statistical Package of Social Science program, version 21 (SPSS) to be statistically analyzed. Data were summarized using range, mean, standard deviation and median for quantitative variables or frequency, and percentage for qualitative ones. Comparison between groups was performed using the KruskalWallis test followed by pairwise comparisons through the Mann-Whitney U test for quantitative variables. Spearman correlation coefficients were calculated to signify the association between 
Discussion
Obesity is characterized by increased adipose tissue mass resulting from a chronic imbalance between energy intake and expenditure. There is a defined relationship between fat mass expansion, chronic low-grade systemic inflammation and ROS generation, leading to ROS-related pathological events. 11 Metabolic syndrome describes a group of clinical features that Table 3 . Correlation of 8-oxodG with carotid intima-media thickness (CIMT), ankle brachial index (ABI) and diameters of the tibial arteries in the studied groups. The association between body fat and pathological effects has not been fully elucidated. Though BMI, calculated as weight in kilograms divided by height in meters squared, is the most common measure of obesity, this does not reflect body shape -it can be misleading in individuals with a high proportion of lean muscle mass. Waist circumference, a more accurate measure of the distribution of body fat, has been shown to be more strongly associated with morbidity and mortality. 13 In our study we found statistically significant difference in waist circumference among the studied groups, with increased values in the obese patients with metabolic syndrome compared to the obese patients without metabolic syndrome and the control group. BMI was statistically significantly increased in the obese patients without metabolic syndrome compared to the obese patients with metabolic syndrome and the healthy group, indicating that waist circumference is an earlier predictor of atherosclerosis.
8-oxodG ng/ml
Atherosclerosis is an inflammatory process. Furthermore, the coronary plaque environment is composed of multiple cell types, including macrophages and other inflammatory cells that secrete cytokines and ROS that drive inflammation and oxidative stress. 14 Levels of DNA damage base lesion, 8-oxo-7,8-dihydro-2′deoxyguanosine (8-oxodG), can be associated with increased oxidative stress as high levels of serum 8-oxodG can be detected in patients with systemic lupus erythematosus, Parkinson's disease, end-stage renal disease and type 2 diabetes. 15 This study found a statistically significant difference in the diameter of the right anterior tibial artery among the studied groups, with decreased diameter of the right anterior tibial artery in the obese patients with metabolic syndrome compared to the obese patients without metabolic syndrome and the control group. There was a statistically significant negative correlation (p = 0.018) of 8-oxodG with the diameter of the right anterior tibial artery in Group C (control). This may highlight the importance of 8-oxodG and early vascular affection as appears with decreasing artery diameter.
However, there was no statistically significant difference in CIMT between obese patients with and without metabolic syndrome, denoting the importance of anterior tibial diameter in early detection of vascular affection in our study.
The diameter of the anterior tibial artery in the first group is lower than the other group and this was statistically significant and it is also negatively correlated with the CIMT, indicating its early affection in sub-clinical atherosclerosis in obese patients with metabolic syndrome. There was also a statistically significant correlation (p = 0.034) of CIMT with the diameter of the right anterior tibial artery in the obese patients with metabolic syndrome.
The ABI which was changed early in our patients as there was highly statistically significant lower index in the obese patients with metabolic syndrome compared to the obese patients without metabolic syndrome (p = 0.004). The ABI can be a surrogate marker for atherosclerosis, and recent studies indicate its utility as a predictor of future CVD and all-cause mortality. 16 ABI thresholds of <0.9 and >1.3 are highly suspicious for PAD and high cardiovascular risk in diabetic patients. 17 Atherosclerosis is the cause of a majority of cardiovascular events and is accelerated by DM and metabolic syndrome. Many risk factors are associated with metabolic syndrome and help in explanation of the increased risk of CVD in that condition. 18 In our study there was a very high statistically significant correlation (p < 0.001) of CIMT with BMI, waist circumference, FBS, 2HPP and HA1c, total cholesterol and LDL, and this denotes that blood glucose level together with lipid profile, BMI and waist circumferences plays a critical role in atherosclerosis development.
However, there was statistically insignificant correlation of CIMT with height, HDL and triglycerides, which may suggest the importance of cholesterol and LDL in atherosclerosis development rather than triglycerides and HDL levels.
Higher urine albumin-creatinine ratio (ACR) is associated with CVD events, an association that is stronger than that between spot urine albumin on its own and CVD. 19 We found a highly statistically significant correlation (p = 0.003) of ABI with the ACR. On the contrary, there was no statistically significant correlation of CIMT with the ACR, denoting the early effect on the ABI before the effect on the CIMT, so ACR may be used as an early predictor of atherosclerosis and nephropathy.
Conclusion
Urinary 8-oxo-7,8-dihydro-2′deoxyguanosine (8-oxodG) was correlated to total cholesterol and LDL in obese patients with metabolic syndrome, which may signify its role in dyslipidemia in those patients, and the risk for early atherosclerosis. However, it was negatively correlated with the diameter of the right anterior tibial artery in the control group, with its change in response to vascular damage occurring in the earlier phase only.
Our study highlights the importance of anterior tibial artery diameter measurement and the ABI as an early marker of atherosclerosis, and that it may be used as an even earlier marker than CIMT.
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